Background: Metabolic syndrome has been reported to have adverse effects on cognitive function, although the results are confl icting. The purpose of this study was to examine the relationship between metabolic syndrome and cognitive function in elderly Korean participants older than 60 years.
INTRODUCTION
The proportion of people aged 65 years and over in South Korea is expected to increase from 7.3 % in 2000 to 15.1% in 2020. Accordingly, the health problems of the elderly gain increasing importance in socio-economic terms. 1) Dementia is a socially important disease among the senile disorders because it has a high prevalence and deteriorates comprehensive cognitive functions, behaviors and mental functions, considerably inconveniencing vocational and social activities and signifi cantly reducing the quality of life. As the geriatric population increases rapidly, the number of elderly people with dementia is also expected to increase dramatically. In Korea, the incidence of dementia in 2008 was 8.68%, and the number of patients with dementia was estimated at 430,000. It is expected that the prevalence of dementia will increase continuously to an estimated 1,140,000 patients in 2030, with a two-fold increase per 20 years.
2)
Hence, it is important to attempt to decrease the occurrence of dementia by determining and eliminating its risk factors as well as detecting and treating dementia early.
Many studies have reported relationships between dementia and vascular risk factors such as glucose intolerance, insulin resistance, central obesity, lipid abnormalities and hypertension. 3) Hypertension, 4, 5) diabetes 6, 7) and hyperlipidemia 8, 9) play important roles in the pathogenesis of impaired cognitive function and are related to the increase of Alzheimer's disease as well as other types of dementia. 10) Metabolic syndrome is a cluster of cardiovascular risk factors, and its prevalence is increasing signifi cantly in Korea.
Although diagnostic criteria diff er, metabolic syndrome is found in 32.6% of adults 30 years old or older according to the 2005 National Health and Nutrition Survey, 11) and a study on diabetes found the prevalence of metabolic syndrome to be 62.0%.
12)
With the drastic increase in the prevalence of metabolic syndrome around the world and in South Korea, studies are examining the relationship between metabolic syndrome and cognitive function. Yaff e et al. 13) reported a decrease in cognitive function with metabolic syndrome. However, previous studies are limited in that they have not measured cognitive function comprehensively. Most of previous studies have applied simple tests, such as the Mini-Mental State Examination (MMSE), to the evaluation of cognitive function and have not accurately assessed early dementia or mild cognitive disorder. 14, 15) The MMSE is a simple method that is high in sensitivity and specificity, but it is limited in measuring cognitive function comprehensively.
Th erefore, it is recommended that cognitive tests for the elderly jointly use the comprehensive measurement tool. 16, 17) In South Korea, Moon et al. 18) reported the relationship between metabolic syndrome and cognitive function in adults older than 50, but no study has examined this relationship among the elderly, who are in the high-risk of dementia and metabolic syndrome.
This study investigated the relationship between metabolic syndrome and cognitive function among elderly persons using the CERA D-K, a more precise evaluation method than MMSE.
METHODS

Subjects
The subjects were elderly people who had no difficulties in daily life and consented to participate in the study aft er receiving a suffi cient explanation of its purposes and content. Participants included adults 60 years old and older who were screened at the health promotion center of a university hospital or who attended a health program at the Dongtan public health center from March 2010 through July 2010 in Gyeonggi-do province. points. 20, 21) Depression was evaluated using the Short Geriatric Depression Scale, Korean version (SGDS-K). The SGDS-K consists of 15 questions and has been shown to be a reliable and valid screening test for geriatric depression. 22) The optimal SGDS-K cutoff point for depression was defi ned as 8 points.
Evaluation of Cognitive Function
Metabolic Syndrome
Meeting the following 3 items or more was defined as 
Statistical Analyses
The data were analyzed using the SPSS ver. 
Relationships between Metabolic Syndrome and Cognitive Function
A regression analysis was conducted on age, gender, education, physical activity, smoking, drinking, depression and metabolic syndrome ( Table 3 ). The presence of metabolic syndrome, alcohol consumption, and education were signifi cantly associated with the total CERA D-K score (P < 0.05). However, Table 4 ).
DISCUSSION
In this study, the prevalence of metabolic syndrome was 63.8% in women, which was signifi cantly high compared to the prevalence in men (31.4%). This figure is close to the findings of a previous study of the total population (63.4% female, 34.1% male). 11) Th e cognitive function was signifi cantly high in participants with 7 or more years of higher education compared to those with 3 or fewer years of education. Th is fi nding supports 27) and deters the progress of dementia in patients with mild cognitive disorder. 28) However, the present study is limited by not determining accurate amount and types of alcohol drinking. It seems necessary to analyze this relationship to cognitive function based on an accurate drinking history. Depression symptoms were serious in the Alzheimer-type dementia group compared to the control group. 29) Many studies report that depression is closely related to the lowering of cognitive function, but this study found no relationship between SGDS-K scores and cognitive function. Because the subjects had normal cognitive function with an MMSE score over 26 points and an SGDS-K score under 8 points, it seems that no depression symptoms were observed with regard to the changes in cognitive function. However, it will be necessary to conduct additional studies on elderly people in the future.
Recently, many studies have reported a relationship between metabolic syndrome and cognitive function. According to a prospective study of adults aged 70 years or older, cognitive function declined significantly in the group with metabolic syndrome. 13) In a 3.5-year prospective study of 2,097 patients 65 years or older with mild cognitive disorder, Solfrizzi et al. 30) reported a significant increase in the risk of progressing from mild cognitive disorder to dementia when accompanied by metabolic syndrome. Additionally, it is suggested that dementia increases with the increase in vascular risk factors, such as hypertension, diabetes, hyperlipidemia and smoking, in middle age. 31) Based on the mixture of cardiovascular risk factors, metabolic syndrome seems to be related to cognitive function.
In South Korea, Moon et al. 18) reported that cognitive function decreased in adults with metabolic syndrome. However, the authors assessed cognitive function with the MMSE-K and did not perform a comprehensive and detailed analysis of cognitive function. In addition, depression symptoms were not considered.
We assessed the relationship between metabolic syndrome and cognitive function in elderly Korean people using the CERAD tool. In this study, CERA D-K total scores were 64. Given the studies that suggest the high possibility that a decrease in cognitive function or mild cognitive function disorder will develop into dementia, 39) elderly individuals with metabolic syndrome have a lower cognitive function compared to the control group, and they are likely to develop dementia, although they do not currently suff er from dementia. Accordingly, the early that the precise assessment of cognitive function will be helpful for metabolic syndrome patients.
Our study has the following limitations. First, the subjects of this study are individuals who participated in a health promotion program of a hospital. Thus it is necessary to be cautious in applying the study results to normal population groups. Second, there were more women in the group with metabolic syndrome than in the control group. However, this trend is similar to the gender distribution in the elderly Korean population. There were statistically significant relationships between metabolic syndrome and cognitive function even aft er adjusting for gender and education. Th ird, this was cross-sectional study to assess the relationship between metabolic syndrome and cognitive function, but it was diffi cult to evaluate causal relationships. However, this study is signifi cant in that it analyzed the relationships between metabolic syndrome and cognitive function in elderly Korean individuals using the CERA D tool. It will be necessary to perform a prospective study to determine whether metabolic syndrome causes cognitive dysfunction or dementia and whether the correction of cardiovascular risk factors can improve cognitive function.
